Use of efficient K dose is an important complementary strategy in improving rice yield, quality and reducing cost of production. The price of K fertilizers is getting higher day by day and becoming unaffordable to farmers. Potassium (K) is an essential nutrient that affects most of the biochemical and physiological processes that influence plant growth and metabolism of rice.
INTRODUCTION
Potassium is an essential element for the growth of rice plant and takes part in various physiological processes (Yoshida 1981) . Potassium is considered to be an important mineral nutrient element for the plants after nitrogen which needs to be applied in sufficient amount to produce healthy and productive crop (IRRI 2007) . Potassium enhances the translocation of photosynthesis and mobilizes the stored material (Mengal, 1980) and has a beneficial effect on ATP synthesis. With increased use of phosphorous and nitrogen fertilizers and due to intensive cropping system in last decade.
Potassium deficiency has been considered to be the most limiting factor for increasing rice yield in many places (Yang et al. 2003) .
The main function and role of K is working as activation of various enzymes. Deficiency of K has been reported to accumulated soluble carbohydrate, amino acids and reducing sugars. It impairs the synthesis of starch as will as glycogen and block the respiratory substances and decreases the rate of oxidative phosphorylation and photophosphorylation (Baskaran et al., 1982) . Potassium can easily move to exchange sites on clay colloid, get into the soil solution, diffuse towards plant roots for absorption, move up in the plant system or lead out plant tops and roots back into the soil, be contrasted into exchangeable and nonexchangeable forms or more out of the soil with draining water. Qi and Spalding, 2004 reported that due to high levels of monovalent cations, e.g., Na and NH 4 restrict potassium uptake and eventually results in low potassium content of plants.
Potassium is very expensive so, more farmers cannot buy it. The imbalanced and inadequate application of fertilizers has serious repercussion for efficiency of applied fertilizers. Potassium deficiency is also closely associated with low chlorophyll content, decreased stomatal conductance, poor chloroplast and increased mesophyll resistance (Dong et al. 2004) .
Development practices to improve the efficiency of nutrients require an understanding of the fact of the applied nutrient and their effect on crop production. Greater opportunities exist for increased crop production by improving rate, timing and management of mineral fertilizers. Foliar feeding of potassium is of great significance for plants because it includes low cost, quick response to plant. Foliar fertilization use only small quantity of nutrients and it provides compensation for lack of soil fixation. For plant demand foliar application of fertilizer may provide plenty of nutrients for plant growth (Pettigrew et al., 2000) . More information about the effect of rate, timing and method of potassium application on grain yield of Egyptian hybrid rice (EHR1) and nutrient uptake, therefore, some studies were carried out on their aspect. K utilization by plants through foliar application is well recognized and is being practiced in agricultural advanced countries. Hence, there is a need to provide the required K, through foliar application as well.
Therefore, this study was planned to compare different methods of applying potassium sulfate as foliar, basal application and their combinations to obtain optimum paddy yield with minimum cost.
MATERIALS AND METHODS
Two field experiments were conducted in a complete block design with four replications at the farm of Agriculture Research Station during the 2013 and 2014 seasons. Treatments included method, rate and timing of potassium application treatments were: K0: without potassium (control), K 1 : the use of 119 kg potassium sulfate as a basal (Recommended dose), K 2 : half dose of the recommended rate was applied as a basal and the rest amount was applied as a topdressing at panicle initiation (PI); K 3 : half of the recommended dose was applied as a basal + spray with potassium sulfate at the concentration of 2% at PI; K 4 : spray with potassium sulfate at the concentration of 2% at PI and K 5 : spray with potassium sulfate at the concentration of 2%, 15 day after transplanting + spray with same concentration at PI.
Soil sample was taken, crushed then grinned to path through 2mm sieve mechanical and chemical analysis were determined according to cottenie et al., (1982) and Page et al., (1982) . The results were presented in Table 1 . A common procedure was followed in raising of seedling in seedbed. Seedlings of 30 days old were uprooted from the nursery beds carefully. Seedlings were transplanted in the well puddled experimental plots. Spacing's were given 20 cm X 20 cm. nitrogen as urea at the rate of 165 kg N ha -1 was applied for all treatments in two splits, two third as a basal application and incorporated into the soil then immediately the soil was flooded. The rest amount of nitrogen fertilizer was top dressed 25 days after transplanting (DAT). Full dose of phosphorus as a single superphosphate was applied as a basal dose at the time of final land preparation and incorporated well into the soil. All intercultural operations were done carefully. From transplanting up to 15 days before harvesting, a thin layer of water (3-5cm) was kept on the plots. Water was removed from the plots two weeks before harvesting. The crop of each plot was harvested separately at full maturity. Plant samples were collected from each plot for data collection on plant growth characters and yield components.
Plant samples (grain and straw) were taken at harvest then placed on paper bags and oven dry at 70 o c for 48 hours. Dried samples were ground to powder and digested. Soil samples were collected at harvest then extracted to determine available potassium. Potassium was determined by the flame photometer as described by Jackson (1967) . A guarded area of ten square meters was harvest then left three days for air drying then thrashed. The grain yield was weight in kilogram and adjusted to 14 percent moisture basis, then converted to tons per hectare. Data were analyzed statistically and treatment differences determined using Duncan's multiple range tests (1995) .Economic viability evaluation was done using partial budget. Partial budget is a way of calculating total cost that varied (TCV) and the net benefits (NB) of each treatment on farm experiment.
RESULTS AND DISCUSSION

Yield and yield attributes:
Data in table (2) shows that methods of potassium application affected the number of panicle. hill -1
. It was evident that panicle number per hill influenced significantly by potassium and it was highest when half dose of the recommended rate + spray with potassium sulfate at the concentration of 2% at P.I(K 3 ) was applied followed by utilization of spray with potassium sulfate at the concentration of 2% 15 days after transplanting plus spray with the same concentration at PI (K 5 ). This may be due to the continuous supply of potassium to the crop during the growth seasons beside the role of using potassium as foliar that help for increasing fertilizer use efficiency consequently K uptake. These results were also supported by Dwived et al (2006 Application of the potassium sulfate as half of the recommended dose plus spray with potassium sulfate at the concentration of 2% at PI(K 3 ) produced the heaviest panicle followed by K5 (spray with potassium sulfate at the concentration of 2% 15 days after transplanting + spray with the same concentration at PI). Data also shows there is no any significant difference among the other treatments. the increase in panicle weight with K 3 and K 5 treatments may be due to the continuous supply of potassium that encourage all physiological processes. Table 2 , present values of 1000 grain weight of EHR1 rice variety as affected by the application of different fertilizer treatments. Thousand grain weights showed no constant trend among the different treatments. K3 (half of the recommended dose was applied as a basal + spray with potassium sulfate at the concentration of 2% at PI) in the second season produced the highest value of 1000 grain weight. This mainly due to the increase of seeds. panicle-1. consequently, increase the weight of seeds. These results are in accordance with those obtained by Barnes (1985) . ) show the grain and straw yield of Egyptian hybrid rice as affected by method and timing of potassium application. Paddy yield was significantly increased by all fertilizer treatments compared with the control. This reduction in paddy yield under control may be due to the shortage of available potassium in the soil. Khan et al. (2007) conducted a field experiment to check the potassium effect on yield of wheat and rice crop under wheat-rice cropping system. They found that grain yield of wheat and rice were increased by using potassium to higher level up to 13 % and 50% over control respectively, whereas, number of tillers/m 2 , number of spike/m 2 , spike length, plant height and 1000 grain weight were much higher using potassium at 60 kg/ha. The highest value of grain yield was obtained when K 3 treatment (half of the recommended dose was applied as a basal + Spray with potassium sulfate at the concentration of 2% at P.I) was applied followed by K 5 (spray with potassium sulfate at the concentration of 2% 15 days after transplanting + spray with same concentration at P.I) whereas, the lowest values of grain yield were found either when only fertilizer potassium was applied as a foliar one time at PI (K 4 ) or when no potassium was added (K 1 ). The increase in grain yield with potassium fertilizer application was mainly due to improvement yield components. It is well known fact that K serves a vital role in photosynthesis by directly increasing growth and leaf area index and hence CO2 assimilation enhance outward translocation of more ATP essential for vigorous growth of plants. Many researchers have reported the positive response of K 2 SO 4 foliar application to rice and wheat crops as well as higher plants (Ramos et al. 1999; Ali et al. 2005a, b) . Several workers reported significant response grain yield of rice to the application of potassium i.e. Quampah et al., (2011) and Pal et al., (2000) .
Data in
Also data show that utilization of fertilizer potassium as a foliar gave a good grain yield and helping to reduce the amount of potassium fertilizer used. About one bag of potassium sulfate fertilizer for one hectare can be saved when treatment No.3 (half of the recommended dose was applied as a basal + spray with potassium sulfate at the concentration of 2% at P.I) was applied and 2 bags of potassium fertilizer can be saved when treatment No.5 (spray with potassium sulfate at the concentration of 2% 15 days after transplanting + spray with same concentration at P.I) will apply. By using both of these treatments (3 and 5) we can help the farmers to save money and subsequently increase income. The highest straw yield also found with K 3 due to the influenced of potassium on vigorous vegetative growth of rice.
Potassium uptake:
Data in table (4) represent the potassium uptake in grain and straw as affected by methods and timing of K application. Data indicate that potassium uptake affected by the method of K application. It is important to notice that utilization of potassium more than one time increased the potassium uptake. The increased potassium uptake of hybrid rice may be due to the continuous supply which was proved more beneficial and increased dry matter resulted to high potassium uptake. Among all the treatments tested, treatment No.3 (half of the recommended dose was applied as a basal + spray with potassium sulfate at the concentration of 2% at P.I) gave the highest value of potassium uptake followed by treatment No.2 (half dose of the recommended rate was applied as a basal and the rest amount was applied as a top dressing at panicle initiation) and 5(spray with potassium sulfate at the concentration of 2% 15 days after transplanting + spray with same concentration at P.I) compared to the other treatments and control (K 0 ). It is important to notice that utilization of potassium as a basal at the recommended rate only one time or half of the recommended rate as a basal + the rest amount from the recommended rate as top dressing did not give the highest amount of potassium uptake. This may be due to the leaching of the potassium and the minerals in soil that may affect the availability of K. It may be fixed in the interlayer and on wedge sites of soil clay and is rendered unavailable to growing plants. The amount of K fixed increases with added potassium (Ali et al., 2007) . Similar findings regarding significant effect of K application have also been obtained by various researchers Arabi et al. 2002; Ali et al. 2005a & b) .
Economic study
An economic analysis on the combined result using the partial budget technique is appropriate. The results of the partial budget and the economic data used in the development of the partial budget are given in Table 5and 6. Data shows that the highest profit were recorded when half of the recommended dose was applied as a basal + spray with potassium sulfate at the concentration of 2% at P.I(K 3 ) or spray with potassium sulfate at the concentration of 2% 15 days after transplanting + spray with same concentration at P.I (K 5 ). 
CONCLUSION
Based on the result it may be recommended that potassium should be applied at 59.5 kg potassium sulfate. ha -1 + spray with potassium sulfate at the concentration of 2% at P.I or spray with the potassium sulfate at the concentration of 2% at 15 DAT and at P.I to obtain optimum paddy yield with minimum cost.
